We show that the one order of magnitude discrepancy between the observed cross sections and calculational results for J/ψ may be improved partly by introducing the Fermi motion in its fragmentation production. We employ a light cone wave function and predict the J/ψ and the Υ singlet production at the Tevatron Run II and compare their differential as well as the total cross sections with and without the Fermi motion at this collider. Similar behavior is seen at the RHIC and at the LHC.
Introduction
Evaluation of the J/ψ cross section at Tevatron energies has been one of the interesting problems of QCD [1, 2] . Predictions using ordinary QCD calculations where the production of quarkonia is assumed to occur in color singlet form, fails to agree with the experimental results. To bring about the agreement the mechanism of color octet is employed in which it is assumed that the bound state is produced originally in the form of color octet at the production point [3] . Then by emitting a soft gluon the colored object is transformed into a color singlet state [4] . the bound state ignoring their respective motion. However we argue that the the constituents within such states specially the charm quark is not that heavy to let one to ignore its relativistic effects. Therefore it has to be accounted for in their production process.
By employing a light cone wave function [5] , here we show that the color singlet results for the J/ψ may be improved significantly by introducing the Fermi motion of the constituents of the bound state.
We describe the wave function and the fragmentation in section 2. The transverse momentum distributions of the differential cross sections and the total cross sections at the Teatron Run II are described in section 3. Finally section 4 is devoted to discussing our results.
The bound state wave function and its fragmentation
Motivated by harmonic oscillator model, we have picked up a wave function in light-cone quantization to represent the quarkonia bound state. It has the following form
where m is the quark (anti-quark) mass, q T is the transverse momentum of the constituents, the x's are the energy momentum ratios and the parameter β controls the width of the wave packet. The normalization condition is
where
and
The sum is over all Fock states and helicities.
To introduce the Fermi motion effect in the formation of a quarkonia we have convoluted the hard probability amplitude and the probability distribution for the bound state. Thus in the leading order perturbative calculation the fragmentation functions for quarkonia production with and without Fermi motion are obtained as follows [6] .
• Without the Fermi motion
where α s is the strong interaction coupling constant, C F is the color factor, k T 2 is the average transverse momentum squared of the initial state heavy quark, ξ = k T 2 /m 2 and
• With the Fermi motion
where the function G(z) reads as
Here η = q 2 /m 2 and A M is determined by the normalization condition of (2).
The fragmentation functions (5) and (7) provide a nice comparison of the two cases. The two functions coincide at sufficiently low β. As β increases (7) raises considerably at the peak region and the maximum physically acceptable change occurs at β = 0.6 and β = 2 for the J/ψ and Υ respectively. We consider these maximally enhanced functions for our further considerations.
Inclusive Production Cross Section
We have employed the idea of factorization to evaluate the quarkonia production cross section at hadron colliders, i.e. for pp collisions dσ dp
Where f i,j are parton distribution functions with momentum fractions of x 1 and x 2 andσ is the heavy quark production cross section and D(z, µ, β) represents the fragmentation of the produced heavy quark into QQ. We have employed the parameterization due to Martin-Roberts-Stiriling (MRS) [7] for parton distribution functions and have included the heavy quark production cross section up to the order of α 3 s [18]. We will estimate the dependence on µ by choosing the transverse mass of the heavy quark as our centeral choice of scale defined by
and vary it appropriately to the fragmentation scale of our particles. This choice of scale, which is of the order of p T (parton), avoids the large logarithms in the process of the form ln(m Q /µ) or ln(p T /µ). However, we have to sum up the logarithms of order of µ R /m Q in the fragmentation functions. But this can be implemented by evolving the fragmentation functions by the Altarelli-Parisi equation [8] . This equation reads as
Here P Q→Q (x = z/y, µ) is the Altarelli-Parisi splitting function. The boundary condition on the evolution equation (11) is the initial fragmentation function D Q→M (z, µ, β) at some scale µ = µ • . In principle this function may be calculated perturbatively as a series in α s .
There are kinematical cuts due to detectors for the transverse momentum p T and the rapidity of particles. We have used the definition of
We have chosen the Tevatron Run II to investigated the effect of Fermi motion in the case of the J/ψ and the Υ. Table 1 Total cross section in nb for J/ψ and Υ production at the Tevatron Run II. β switches the Fermi motion. The scales are chosen as µ = 4µ R , and 6µ R for J/ψ and Υ respectively.
Tevatron Run II 0.11758 0.14034 0.01408 0.01743
Results and Discussion
To evaluate the contribution of Fermi motion to quarkonia production in hadron colliders in the color singlet channel we have employed a fragmentation function obtained in the leading order perturbative regime with a light-cone wave function representing the internal motion of the constituents inside the quarkonia bound state. In this function the confinement parameter controls its behavior with respect to the Fermi motion.
In the case of J/ψ and Υ such a fragmentation function yield an increase in the fragmentation probability of about 10 percent due to this degree of freedom within a reasonable choice of the confinement parameter.
To see the effect in production rate, we have used the factorization process and have compared the differential and total cross sections of J/ψ and Υ in the two cases with and without Fermi motion at Tevatron Run II. Figure 1 shows the transverse momentum distribution of the differential cross section. The kinematical bounds ar indicated. The total cross sections appear Table 1 where the scales are also indicated. Although within the uncertainties involved in such simulations the difference is not too much, however it is important for itself to improve the color singlet contribution to their cross sections. It is interesting to note that the effect is more striking at Tevatron and the LHC but poor at RHIC.
